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WIND TESTS OF AN F-8 AIFELME 
MODEL EQUIPPED WIT8 AN OEU&vE WING 
By Lawrence A. Graham, Robert T. Jones and James L. Summers 
Ames Research Center 
An C-Terimental investigation w a s  conducted i n  the  Ames 11- by 11-Foot 
Transoni. Aind Tunnel t o  study the  lift, drag and s t a b i l i t y  charac te r i s t ics  
of a ' ,di'-scale model of am operational airplane f i t t ed  with an oblique 
wing. The model wing w a s  of e l l i p t i c a l  planform with an unswept aspect 
r a t i o  of 12.7 and a thickness of 10 percent. 
features of the  model were scaled t o  the bas i c  full s i z e  operational air- 
plane with the  engine i n l e t  f a i r ed  closed. 
A l l  other external geometric 
Longitudinal and la teral-direct ional  s t a b i l i t y  data were obtsined 
with t h e  wing at sweep angles of Oo, 45' and 60°. 
from 0.6 t o  1 .4 .  Angles of a t tack  w e r e  between -4" and 8" at zera side- 
s l i p .  
depending upon the wing cmfiguration. Tests w e r e  conducted a t  a Reynolds 
number of 6 mill ion per foot except f o r  a f e w  runs when balance capacity 
l imi ted  the Reynolds number t o  4 million per foot. 
T e s t  Mach numbers ranged 
Angles of s ides l ip  were between & 4 degrees for two angles of attack 
The s t a t i c  longitudinal da ta  show t h i s  -onfiguration t o  be generally 
stable within the l i f t  range of t he  investigation, although a trend toward 
i n s t a b i l i t y  appears i n  localized regions of the  data. 
t h a t  la teral-direct ional-s tabi l i ty  charac te r i s t ics  for t h i s  configuration 
are generally good. 
The data  indicate 
INTRODUCTION 
Recent experimental r e su l t s  obtained i n  the  NASA-Ames 11- by 11-Foot 
Transonic Wind Tunnel have c lear ly  indicated the p o t e n t i a l  of the oblique- 
wing concept toward achieving m a x i m u m  aerodynamic efficiency of a wing 
over a wide speed range (references 1 and 2). In v i e w  of these r e s u l t s ,  
the application of t h i s  concept i n  the design of complete airplane con- 
figurations should proviae the same potent ia l ,  and additional advantages 
t o  other items such as speed, noise and power required f o r  landing and 
take o f f ,  sonic boom, etc .  as discussed i n  reference 3. To Purther study 
t he  potential  of t he  oblique-wing concept a l imited investigation has 
been made i n  the Ames 11- by 11-Foot Transonic !.lind n n n e l  of the l i f t ,  
drag, and s t a b i l i t y  charac te r i s t ics  of a O.Oe7-scale model of an opera- 
t i o n a l  airplane f i t t e d  with an oblique wing. 
e l l i p t i c a l  planform with an e l l i p t i c  axis r a t i o  of l O : l ,  an unswept aspect 
r a t i o  of 12.7, and a thickness of 10 percent. The a i r f o i l  section of the 
wing w a s  an NACA 3610-02,40. A l l  o ther  external geametric features cf 
t he  model were scaled t o  the  basic full scale operational airplane.  
engine i n l e t  w a s  closed with a f a i r ing  beginning a t  the model nose t o  
prevent airflow through the  ducts within the model. 
The model wing w a s  of 
The 
A complete set of r e su l t s  are provided i n  t h i s  report w i t ? ?  e s sen t i a l ly  
no analysis. 
NOMENCLATURE 
The a x i s  systems and sign convertions are shown i n  figure 1. L i f t  
and drag are presented i n  the s tab i l i ty -ax is  coordinate system and a l l  
other forces and moments are presented i n  the  body-axis coordinate 
system. Because the  da ta  w e r e  computer plot ted the corresponding p lo t  





















wing root  chord 
drag coefficient,  dr%g/qS 
rolling-moment coef f ic ien t ,  ro l l i ng  moment/qSb 
rolling-moment coef f ic ien t  slope 
l i f t  coef f ic ien t ,  l i f t / q S  
root  pitching-moment coefficient, pitching moment/qSc 














yawing-moment coefpl cient slope 
s i d e f o r c e  coeff ic ient ,  side force/@ 
side-force coef fi cient  slope 
maximum v e r t i c a l  distance from wing reference 
plane t o  wing base l i n e  a t  0.4~ 
l i f t -drag  r a t i o  
free-stream Mach number 
free-stream dynamic pressure 




maximum distance f r o m  wing base l i n e  t o  wing upper 
surface measured perpendicular t o  the wing base l i n e  . 
 maxi^^^ distance from wing base l i n e  t o  wing lower 
surface measured perpendicular t o  the w i n g  base l i n e  
ve r t i ca l  distance from wing chord t o  wing upper 
surf=@ 
vertical distance from wing chord t o  wing lower 
surface 
Cartesian coordinate 
ALl?HA &u@e of attack 
BFTA eirlgl@ of e idevl ip  
LAMEDA angle between a perpendicular t o  the  body longi- 
tuandL axis and the  0.25 chord l i n e  of the wing 







TEST F A C I L I T l  
'fhe tests w e r e  conducted In the  Am8 U- by ll-Foot Ik.ansonic Wind 
Tunnel w h t c h  is a variable  density, closed return, continuous flow type. 
This tunnel has an ad;lustable nozzle (two ne? ole w a l l s )  and a slotted 
test se&lcm t o  pemttt .tSanson2c testing over a Mach number range con- 
t inuously variable from 0.4 t o  1.4. 
The model consisted of EUI e l l i p t i c a l  planform wm mounM on top of 
the fuaehge of a 0.087-aca~e model of an operatianal fighter-type air- 
plane 88 shown I n  figure 2. Pertinent diritenaions of the  wing are shown 
in tab les  1 and 2 and in f igure  2. 
the wind tunnel is e h m  i n  flgure 2(e). 
hoaizantdl plane about the 0.4 root-chcml point t o  obtain angles d 00, 
45O and 600. !Eh wing Bad an e U p t i c r r l  p l . a n f m  with an e l U p t f c  azds 
rat10 of 10:l (unswept aspect ratio of 12.7) and a a t r s igh t  25-percent 
chord I.3.n~. B e  w i n g  section was a EACA $10-02,40 perpenitkular .e0 the 
unswept chad  line. 
65AOOrj -toll wctione ana a 4 9  swept quar*ter-chard Une. The horizon- 
tal tail w a a  sat at 2 l/2 degree Incidence rela.t;ive t o  the body center 
llm. All external geone%ric feature6 of the model, other than the w i n g ,  
w e r e  O,og(-s&e of the pull size o p e m % i d  f l g h t e r - t y p  airplane except 
6hat the e w e  w e t  was iatmzd closed aa shown in flgurs 2(a). MOQ~J. 
Bady contours ewe shown in figure ab). 
A gaotograph of the model mounted in 
The wing was pivoted in the  
The hadzordal aa8 vertical tail surfaces had IWCA 
4 
The model was s t ing  supported through the  base of the  model body 
shown in figure 2(a) and force and moment data  were obtained From an i n -  
t e rna l ly  mounted six-component strain-gage balance. 
located longitudinally a t  the wing pivot point (0.4c+.,t) and 0.174 inch 
above the  model center l i n e  (fig. 2(a)).  
Reynolds number of 6 million per foot  except f o r  a few runs where balance 
capacity limited the  Reynolds number t o  4 million per foot. Angle of 
a t tack  ranged between -4 t o  8 degrees a t  zero s idesup .  Angles of side- 
slip w e r e  between & degrees f o r  two angles of a t tack  depending upon the 
wing configuration: 
determined from longitudinal. data) and one angle of at tack slightly above 
( L / D L .  Six component force and moment data were obtained for the ving 
at  sweep angles of Oo, 45O and 60~. 
me mament center was 
Tests were conducted a t  a 
one angle of a t tack  a t  or s l i g h t l y  belm (L/D)max (a s  
The measured balance data were adjusted t o  a condition corresponding 
t o  free-stream static pressure on the  model base. 
for each sweep angle tested is shown in table  3. 
The Mach number range 
A complete index of the data figures is given in t ab le  4. 
RESULTS AmD DISCUSSIoEl 
Effect of Wing Sweep Angle on Masdrmrm 
Lift-to-Drag Ratio 
The maximum r a t i o s  for the 
are shown in f i ~ ~ f t 3 ; t o ~ %  = Oo the  
s l i g h t l y  (from 20 t o  19.8) and drops shar ly t o  9.0 a t  M = 0.80. 
b o p  in (L/DL indicates t tmt  far A = OR the  wing leading e- Mach 
number is approaching the critical Mach number at 0.70 and is s u p e r a d t i -  
c a l  a t  M = 0.80 as dlscussed in reference 3. Increasing the  wing sweep 
angle a t  the higher test Mach numbers re ta rds  the loss in (L/D)msx with 
increasing Mach number aa s h w i  ia figure 3. Far example, the unswept 
wing ('L = Oo) shows an abrupt loss in ( L / D h  between M = 0.70 and 0.80 
(Prom ( L / k  = 19.8 t o  (L/D)mrut = 9.0 reapectively). PLvotlng the wing 
from A = 00 t o  A = 4 5 O  a t  M = 0.80 increases ( L / D b  frau 9.0 t o  13.8. 
The same e f fec t  is  seen in the  data for A = 45O and 60% between M = 0.98 
ard 1.05 for A = 45O, (L/D+ decreases Rom U.75 to 6.75; between 
M = 1.05 and 1.30 for A =  68 , ( L / D b  change8 frm 6.75 to 5.3. 
was 20 a t  a Mach number of' 0.60. A t  M = 0.70 
This 
5 
The s t a t i c  longitudinal s t a b i l i t y  data show t h i s  configuration t o  be 
generally stable within the lift range of the investigation. 
be considered a t rend toward i n s t a b i l i t y  (pitch-up) f o r  a symmetrical con- 
f igurat ion appears i n  local ized regions of the data (for example a t  M = 
0.98, A = 45', (figure 4, page 7) and a lift coeff ic ient  of 0.35!. 
t h e  wing i n  a swept posi t ion the  damstrean t i p  tends t o  stall before other  
portions of the w i n g .  This t i p  flow behavior i s  similar to the t i p - s t a l l  
of a symmetrically swept-back wing and causes the same w e l l  knm pitch- 
up tendency of the swept-back wing. However, with t h e  oblique wing i n  the 
swept posi t ion and only one t i p  stalling, a spanwise sh i f t  i n  center-cf- 
pressure accompanies the  longi tudinal  c.p. s h i f t  and both ro l l i ng  and 
pitching moments are involved. An example of  t h i s  can be seen i r  the 
corresponding la te ra l -d i rec t iona l  data f o r  the conditions above ( f igu re  5, 
pag;e 29). 
di rec t iona l  s t a b i l i t y  charac te r i s t ics  f o r  t h i s  configuration are generally 
good. That i s ,  Cn and Cy are of the proper sign; C is negative a t  
A = Ooand 60' and, 8 althougi sometimes pos i t ive  at fr ?'45O, is of l o w  
magnitude and t h i s ,  i n  conjuncticm w i t h  the stable t rend  of Cn 
an overa l l  stable configuration. B 
Whtct would 
W i t h  
A comprehensive examination of t h e  data ind ica te  that lateral- 
, indicates  
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TABLE 1. - MODEL aOMETRY 
Planform 
span (reference) 
Area ( reference 1 
Root chord 
Aspect ra t io  




Maximum thickness location, percent chord 







Aspect r a t io  











IkxiDlm t / c  
0.2% sweep 
Section 
I .0:1 el l ipse about c/4 
60.00 i n  
278.00 in 
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4 Longitudina aerodynartcic characteristics,  
lambda = 0 degrees 
lambda = 60 degrees. 
lad. = 45 de?gr@@S 
5 Lateral-directional aerodynamic characteristics, 
l d d a  = 0 degrees 
l -da=  45 degrees 











Camber line 2-vp - 
- 
\ 
Chord l i n e  
.r. C L 
2-id -
c 
- .00594 - .a619 
-.02230 - .02671 
0.02864 
-.w51 - .02981 - 92928 
-.m15 
-.023'?g 
-.01899 - 01285 
-.OO613 -. 00038 
.m207 
-.moo 
- x  
(d) W i n g  section drawing and tabulated airfoil section data for Wing 
nuuber 1, W1 
Figure 2.- Continued. 

Figure 3.- Variation of maximum lift-to-drag ratio with Mach number 
for three wing sweep angles. 
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